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(57) ABSTRACT

A filter element (10) of a filter for fluid, particularly fuel, oil,
water, urea solution or air, particularly of a combustion
engine, particularly of an automobile, and a method for
manufacturing same are described. The filter element (10)
comprises a filter medium (14) structured as a filter medium

hollow body (12) and closed circumierentially at least with
respect to an element axis (16). The filter medium (14) 1s
enclosed at least partially circumferentially and at least
partially axially by an electrical heating jacket (26). The
filter medium (14) has, on at least one front side, an end
member (32) that 1s connected tightly at least to the filter
medium (14). After sertion of the filter medium hollow
body (12) mto the heating jacket (26), the front side of the
filter medium hollow body (12) 1s provided with an end
member (32).

11 Claims, 3 Drawing Sheets
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FILTER ELEMENT OF A FILTER AND
METHOD FOR MANUFACTURING FILTER
ELEMENT

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit under 35 USC 119 of
German patent application 10 2013 009 197.7 filed Jun. 3,

2013, and which 1s hereby incorporated by reference 1n 1ts
entirety.

TECHNICAL FIELD

The 1nvention relates to a filter element of a filter for fluid,
particularly fuel, oi1l, water, urea solution or air, particularly
of a combustion engine, particularly of an automobile, with
a filter medium designed as a filter medium hollow body and
closed peripherally at least with respect to an element axis,
which 1s enclosed over at least part of 1ts circumierence and
at least partially axially by an electrical heating jacket and
which has an end member on at least one front side that 1s
connected tightly at least to the filter medium.

The mvention further relates to a method for manufac-
turing a filter element, particularly a filter element according,
to the mvention, of a filter for fluid, particularly fuel, oil,
water, urea solution or air, particularly of a combustion
engine, particularly of an automobile, 1n which a filter
medium 1s structured into a filter medium hollow body that
1s closed around 1ts circumference at least with respect to an
clement axis, in which the filter medium hollow body 1s
inserted with a first front side first into an electrical heating
jacket, so that the heating jacket 1s arranged at least over part
of the circumierence and at least partially axially around the
filter medium hollow body, and the first front side of the

filter medium hollow body i1s subsequently provided with a
sealing end member.

BACKGROUND OF THE INVENTION

A filter element of a fuel filter of an automobile for Diesel
tuel 1s known from DE 20 2007 010 602 Ul. The filter
clement comprises a filter body with a filter material. The
filter body 1s substantially cylindrical. A flat heating element
1s arranged around the filter material 1n a closed manner. The
heating element 1s connected firmly and non-detachably to
the filter body, for which purpose 1t 1s attached to an end
plate by adhesion, foaming, injection or the like. The heating,
clement comprises an electrical heating wire. Two ends of
the heating wire are bent radially imnward for an electrical
contact. Together with plug pins, a housing injection-molded
out of plastic forms an electrical connecting plug.

SUMMARY OF THE INVENTION

An object of the invention 1s to provide a filter element
and a method for manufacturing a filter element of the type
mentioned at the outset that can be easily implemented and
in which the filter element takes up as little installation space
as possible, particularly in the radial direction with respect
to the element axis. Moreover, the greatest possible heating
elliciency 1s to be achievable with the heating jacket.

This object 1s achieved according to the invention by
providing the front side of the filter medium hollow body
with the end member after msertion of the filter medium
hollow body into the heating jacket.
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According to the invention, the electrical connecting
clement 1s first arranged radially 1n a preassembly position
on the outside of the filter element before the assembly of the
filter element. In this way, the connecting element leaves the
front sides of the heating jacket and of the filter medium
hollow body free, so that they are freely accessible. The filter
medium hollow body can thus be plugged in the axial
direction with respect to the element axis into a space
enclosed over at least part of its circumiference by the
heating jacket before connection to the at least one end
member. The heating jacket can advantageously be embod-
ied as a hollow body. Advantageously, the heating jacket can
be closed circumierentially. Alternatively, the heating jacket
can be open on at least one circumierential side. The heating
jacket can advantageously have the same axial elongation
overall as the filter medium hollow body. In this way, 1t can
cover the filter medium hollow body over 1ts entire axial
clongation. Alternatively, the heating jacket can also extend
only partially axially, which 1s to say over a portion of the
axial elongation of the filter medium hollow body. Advan-
tageously, a front side of the heating jacket can rest against
an end member that 1s located on the front side with the
connecting element, or 1t can be located at least in the
vicinity, so that an electrical connection to the connecting
clement can easily be implemented there. Alternatively, both
front sides of the heating jacket can each be arranged at an
axial distance from the front sides of the filter medium
hollow body.

After mounting in the heating jacket, the filter medium
can advantageously extend outwardly. Advantageously, the
heating jacket can rest against the radially outer circumier-
ential side of the filter medium. The heating jacket and/or the
filter medium hollow body can then be connected to the at
least one end member. The heating jacket and/or the filter
medium hollow body can be connected to the at least one
end member by means of adhesion, foaming, 1njection or
with the aid of mechanical connecting elements, particularly
clamps or catch mechanisms.

Advantageously, the heating jacket can have a heating
fo1l, a heating fabric or a nonwoven heating medium. The
heating jacket can also have a knitted or crocheted fabric or
a textile of another type. The electrical connecting element
can be connected to corresponding heating conductors,
particularly heating webs, heating layers or heating threads,
of the heating jacket, particularly through rniveting, solder-
ing, binding or an electrical connection of another kind.

With the heating jacket, fluid, which can preferably flow
from radially outside to radially inside through the filter
medium, can be heated before flowing through the filter
medium. In thus way, the flowability of the fluid can be
improved, so that pressure loss between an inflow side,
which 1s to say a raw side, and an outflow side, which 1s to
say a clean side, of the filter medium can be reduced.

Advantageously, the electrical connecting element can be
firmly connected 1n the final assembly position to the at least
one end member. Advantageously, the connecting element
can be connected to the end member 1n a positive and/or
nonpositive manner, particularly snapped, locked, clamped,
welded or adhered.

Advantageously, the filter medium hollow body can have
approximately the shape of a hollow cylinder. The filter
medium hollow body can also taper conically in the axial
direction. The filter medium hollow body can have a round,
oval, angular or other cross section. Advantageously, the
filter element can be a round filter element or a conical-oval
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round filtered element. With a round filter element, the filter
medium hollow body can be implemented as a round hollow
cylinder.

The filter medium can advantageously be folded in the
shape of a star and closed circumierentially. A high packing
density can be achieved through star-folding, thus improv-
ing the ratio of the active surface area for filtering to the
required installation space. Instead of the shape of a star, the
filter medium can also have a wave-shaped profile 1n the
circum{ierential direction. Instead, the filter medium can also
be flat and circumierentially closed. In particular, the filter
medium can be wound.

Advantageously, the at least one end member can be an
end plate. Advantageously, the end plate can have a central
outlet to an interior space of the filter medium hollow body
through which fluid can emerge from the interior space of
the filter medium hollow body or get nto 1it.

In an advantageous embodiment, the heating jacket can be
connected to an electrical connecting element that can be
connected to electrical lines for supplying the electrical
heating jacket, and the electrical connecting element can be
attached by means of a swivel connection to the heating
jacket by means of which the connecting element, upon
assembly of the filter element, can be swiveled from a
preassembly position circumierentially on the outside of the
filter element 1nto a final assembly position on the front side
of the filter element.

After the at least one end member 1s put in place, the
clectrical connecting element can be swiveled by means of
the swivel connection from the preassembly position into the
final assembly position on the front side of the filter element.
In this way, the mstallation space of the filter element can be
reduced in the radial direction. The connection of the
corresponding electrical lines for supplying the electrical
heating jacket to the electrical connecting element can be
achieved more easily on the front side of the filter element
than on the circumierential side.

Advantageously, the swivel connection can have a kind of
hinge, particularly a living hinge. With the swivel connec-
tion, the electrical connecting element can advantageously
be arranged on a frame part or support part of the filter
clement and/or of a heating cage, particularly of a supporting
hollow body. Advantageously, the swivel connection can be
integrally connected to the frame part or support part.
Advantageously, the swivel connection and the frame part or
support part can be made of a plastic. A bendable swivel
connection, particularly a living hinge, can be easily made
from plastic. A living hinge can have a simple construction
and be easily implemented. In a living hinge, no separate
parts are required. Instead of being connected in a swiveling,
manner via the swivel connection to the frame part or
support part, the connecting element can also be merely
connected 1n a swiveling manner via appropriate electrical
contact tabs to the heating jacket. In this way, a frame for a
heating cage can even be omitted. The contact tabs can
advantageously be commensurately stable and flexible. The
contact tabs can advantageously be connected integrally to
the heating jacket. The contact tabs can advantageously
consist of sections of the heating jacket that can be bent
radially outward or inward by means of corresponding axial
cuts or recesses on a corresponding front side of the heating
jacket.

Advantageously, the heating jacket can be permeable for
the fluid. In this way, fluid can pass through the heating
jacket from radially inside to radially outside or vice versa.
Advantageously, the heating jacket can have a plurality of
flow holes for this purpose through which the fluid can tlow.
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In a textile-like, particularly woven, knitted or crocheted,
heating jacket, mesh widths can be large enough for the fluid
to flow through. In a nonwoven, particularly fleece-like
heating material, pore openings can be commensurately
large.

Advantageously, the connecting element can have elec-
trically conducting contact tabs that can be connected
mechanically to the swivel connection in order to hold the
connecting element on the swivel connection. Alternatively
or 1n addition, a housing of the connecting element can be
connected to the swivel connection.

In an advantageous embodiment, a fluid-permeable sup-
porting hollow body can enclose at least the filter medium
hollow body circumierentially and at least partially axially,
and the electrical connecting element can be attached by
means of the swivel connection to the supporting hollow
body. With the supporting hollow body, at least the filter
medium can be supported on the outside. The supporting
hollow body can thus serve as a frame part or support part
of the filter element. In addition or alternatively, the sup-
porting hollow body can bear or support the electrical
heating jacket. Advantageously, the supporting hollow body
can be made of a plastic. Plastic can easily be shaped. The
supporting hollow body can thus be implemented with a low
welght with respect to 1ts installation space. What 1s more,
plastic can easily be disposed of. Plastic can be physically
and chemically resistant to the fluid to be filtered.

Advantageously, a cross-sectional profile on the radially
inner circumierential side of the supporting hollow body can
correspond to a cross-sectional profile of the filter medium
hollow body and/or of the electrical heating jacket. Advan-
tageously, the supporting hollow body can be cylindrical. It
can advantageously have a round, oval or angular cross
section.

The supporting hollow body can advantageously be con-
structed 1n the manner of a skeleton or scaflolding. In this
way, 1t can have outlet openings of suflicient size and
number through which the fluud can flow. Pressure loss
between the intlow side and the outtlow side of the support-
ing hollow body can thus be reduced. Advantageously, the
supporting hollow body can have a plurality of circumier-
ential supports running 1n the circumierential direction that
are spaced apart axially with respect to each other and that
can be connected to each other using axial supports that
extend 1n the axial direction.

Advantageously, the connecting element can be easily and
stably connected to the supporting hollow body by means of
the swivel connection. When viewed radially from the
outside, the supporting hollow body can advantageously
have a recess 1n which the swivel connection can be attached
and the swivel connection and/or sections of the connecting
clement can be counter-sunk in the final assembly position.
In this way, the installed space of the filter element can be
further reduced 1n the radial direction.

In another advantageous embodiment, the heating jacket
can be arranged between a circumierential side of the filter
medium hollow body and a circumierential side of the
supporting hollow body. In this way, the heating jacket can
be arranged so as to be protected toward the outside. The
heating jacket can thus be held and supported between the
filter medium hollow body and the supporting hollow body.
In this way, close contact can be achieved between the
heating jacket and the filter medium. The heating efliciency
can thus be improved. Advantageously, the heating jacket
can be connected to the supporting hollow body. Alterna-
tively, the heating jacket can be embedded at least partially
in the supporting hollow body. Alternatively, the heating
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jacket can be arranged on the radially outside circumieren-
tial side of the supporting hollow body.

In another advantageous embodiment, the at least one end
member can have a holding device at least for positioning,
preferably for holding, the electrical connecting element. In
this way, the precision of the positioning of the connecting
clement can be improved. Advantageously, at least one end
member can be a plastic body, particularly a plastic 1njec-
tion-molded body on which raised areas and/or recesses can
be embodied that can cooperate with corresponding recesses
and/or raised areas of a housing of the connecting element
for positioning and/or holding. The holding device can
advantageously have a kind of frame that 1s adapted to a
corresponding contour of the housing of the connecting
clement and can be placed and in/against/on the connecting
clement. The connecting element and the holding device can
also have connecting elements that cooperate with each
other, particularly detent elements, which can additionally
enable fixation of the connecting element on the at least one
end member. The eclectrical connecting element can be
attached by means of the holding device to the at least one
end member and by means of the swivel connection to a
frame part or support part, optionally the supporting hollow
body. The stability of the filter element can thus be further
increased.

In another advantageous embodiment, a fixing element
can be connected to the at least one end member, which can
f1x the electrical connecting element to the end member, and
have a seal fixing section that can fix a seal around an
opening of the end member. Advantageously, the fixing
clement can be a kind of covering element, particularly a
covering cap. Advantageously, the fixing element can be
placed onto the end member after the swiveling-in and
positioning of the connecting element and after application
of the seal, particularly in the axial direction. The fixing
clement can cover the seal by means of fastening sections of
the connecting element corresponding to the element fixing,
section, and with the seal fixing section. Advantageously, the
fixing element can be one piece. It can advantageously be
made of plastic. Advantageously, the seal fixing section can
be approximately annular. The annular seal fixing section
can advantageously have a U-shaped profile that can coop-
crate with a seal holder for the seal. The element fixing
section can be implemented as a laterally protruding section
on the seal fixing section. The element {ixing section can be
fork-like. In this way, it can enclose the electrical connecting
clement. The fixing element can advantageously have detent
clements, particularly detent openings, that can cooperate
with corresponding detent elements, particularly detent lugs,
on the end member. A stable connection of the fixing
clement to the end member can thus be implemented.

The technical object 1s achieved in the inventive manu-
facturing method.

The advantages and features listed 1n connection with the
filter element according to the mvention apply to the inven-
tive method and 1ts advantageous embodiments, and vice
versa.

In an advantageous development of the method, an elec-
trical connecting element can be attached to the heating
jacket by means of a swivel connection and be swiveled by
means of the swivel connection after insertion of the filter
medium hollow body into the heating jacket from the
preassembly position 1nto a final assembly position on the
tront side of the filter medium hollow body. Advantageously,
the connecting element can only be brought from 1ts preas-
sembly position mto 1ts final assembly position after the
arrangement of the filter medium hollow body within the
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heating jacket. In this way, the filter medium hollow body
can easily be arranged 1n an interior space surrounding the
heating jacket, even in the axial direction.

Advantageously, the filter medium can be folded 1n a star
shape and formed into a filter medium hollow body that 1s
circumierentially closed and approximately cylindrical.
Alternatively, the filter medium can also be flat, particularly
wound, and be closed circumierentially. Advantageously,
the heating jacket can be formed into an at least partially
circumierentially closed and at least partially axial heating
jacket hollow body, and the filter medium can then be
inserted 1n the axial direction into the heating jacket hollow
body. Alternatively, the heating jacket hollow body can be
left open mitially on a circumierential side and be arranged
from a circumiferential side around the filter medium hollow
body. Advantageously, the electrical heating jacket can be
preassembled with the electrical connecting element.
Advantageously, after the arrangement of the filter medium
hollow body 1n the heating jacket hollow body, the at least
one end member can be arranged on the front side of the
filter medium hollow body and/or of the heating jacket
hollow body and connected to the filter medium and/or to the
heating jacket. The connection of the at least one end
members to the filter medium can advantageously be fluid
tight. Advantageously, the at least one end member can be
connected to the filter medium and/or to the heating jacket
in a positive and/or nonpositive manner, particularly by
means of adhesion, welding, clamping or locking. The
clectrical connecting element can then be swiveled to the at
least one end member and arranged in 1ts final assembly
position on the front side of the filter element.

In an advantageous development of the method, the
clectrical connecting element can be attached by means of
the swivel connection to a fluid-permeable supporting hol-
low body, and the filter medium hollow body can be
arranged 1n the supporting hollow body. Advantageously, the
connecting element can be premounted on the supporting
hollow body by means of the swivel connection. The sup-
porting hollow body can advantageously be implemented as
a skeleton- or scaflolding-like frame, which can particularly
have a hollow, cylindrical shape. The connecting element
can be stably attached to the supporting hollow body.
Advantageously, the swivel connection can be integrally
connected to the supporting hollow body. The swivel con-
nection can particularly be prefabricated out of plastic
integrally with the supporting hollow body. Advantageously,
the swivel connection can have a kind of living hinge, which
can be easily implemented from plastic.

In another advantageous embodiment of the method, the
heating jacket can be arranged on an 1nner circumierential
side of the supporting hollow body. Advantageously, the
heating jacket can be arranged in the supporting hollow
body before the filter medium hollow body 1s arranged in the
supporting hollow body. The heating jacket can be arranged
in a protected manner on the mside of the supporting hollow
body. Moreover, the heating jacket can be clamped between
the radially mner circumierential side of the supporting
hollow body and the radially outer circumierential side of
the filter medum. In this way, a close contact can be
established between the heating jacket and the filter
medium, as a result of which the heating efliciency can be
improved.

Alternatively, the heating jacket can also be arranged on
an outer circumierential side of the supporting hollow body.

In another advantageous embodiment of the method, the
clectrical connecting element can be swiveled against/in/on
a holding device of the at least one end member. The
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clectrical connecting element can also be put 1n place, and
optionally held, on the end member with the holding device.
The stability of the filter element and/or of the connection of
the connecting element to the filter medium hollow body can
thus be improved.

In another advantageous embodiment of the method, a
fixing element can be connected to the at least one end
member, the electrical connecting element can be fixed on
the end member with a connecting element fixing section,
and a previously mounted seal can be fixed around an
opening of the end member with a seal fixing section.
Advantageously, the connecting element can first be placed
on the end member and the seal can be arranged 1n a
corresponding seal groove of the end member. With only one
component, both the connecting element and the seal can
then be fixed on the end member. In this way, the assembly-
related and material expense can be reduced. Furthermore,
the stability of the filter element can thus be further
improved, since the fixing element covers a larger area of the
end member.

BRIEF DESCRIPTION OF THE

DRAWINGS

Additional advantages, features and details of the inven-
tion follow from the description below, 1n which exemplary
embodiments of the mnvention are explained in further detail
on the basis of the drawing. The person skilled 1n the art will
expediently also consider individually the features disclosed
in combination 1n the drawing, description and claims and
combine them into other sensible combinations. Schematic
drawing:

FIG. 1 shows an exploded view of a round filter element
of a fuel filter according to a first exemplary embodiment,
with a heating cage 1n which an electrical connecting plug
can be swiveled by means of a swivel connection from a
circumierential-side preassembly position into a front-side
final assembly position mto a holding device on the end
plate;

FIG. 2 shows a detailed section of the round filter element
from FIG. 1 1n the region of the connecting plug and the
swivel connection;

FIG. 3 shows the round filter element from FIG. 1 i a
manufacturing phase before the swiveling of the connecting,
plug 1nto 1ts front-side final assembly position;

FIG. 4 shows the round filter element from FIGS. 1 and
3 1n a manufacturing phase after the swiveling of the
connecting plug into 1ts front-side final assembly position;

FIG. 5§ shows the round filter element from FIGS. 1, 3 and
4 after placement of a fixing element for fixing the connect-
ing plug 1n 1ts final assembly position and a ring seal on the
end plate;

FIG. 6 shows the round filter element according to a
second exemplary embodiment, which i1s similar to the
round filter element from FIGS. 1 and 3 to 5, in a manu-
facturing phase before the swiveling of the connecting plug
into 1ts final assembly position, with an alternative holding
device for the connecting plug on the end plate; and

FIG. 7 shows the round filter element from FIG. 6 after
the swiveling of the connecting plug into its final assembly
position.

In the figures, same components are designated with the
same reference symbols.

DETAILED DESCRIPTION

FIG. 1 shows an exploded view of a filter element 10 of
a fuel filter of a combustion engine of an automobile
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8

according to a first exemplary embodiment. Preferably, the
tuel filter can be arranged 1n a fuel line for cleaning liquid
fuel, such as Diesel fuel. FIGS. 3 to 5 show the filter element
10 1n different manufacturing phases.

The filter element 10 1s a so-called round filter element,
which has an overall approximately hollow cylindrical shape
with a round cross section. The filter element 10 1s arranged
in a filter housing (not otherwise shown) such that it sepa-
let of the filter housing for fuel to be filtered from

rates an 1n.
an outlet. The filter element 10 can be arranged 1n the filter
housing in an exchangeable or fixed manner.

The filter element 10 comprises a {filter bellows 12 made
of a star-shaped, folded filter medium 14, for example a
woven filter medium or a filter paper or another filter
medium suited to the filtering of fuel. The filter bellows 12
has the overall shape of a hollow circular cylinder that 1s
coaxial to an element axis 16. Below, when “radial”, “axial”
or “circumferential” 1s mentioned, then this refers to the
clement axis 16 unless otherwise indicated.

A scaflolding-like middle supporting pipe 20 1s arranged
coaxially 1n an interior space 18 of the filter bellows 12. The
middle supporting pipe 20 1s penneable for the fuel in the
radial direction. The middle supporting pipe 20 1s open on its
front sides, so that fuel can travel 1n the axial direction out
of the interior space of the middle supporting pipe 20. A
radially inner circumierential side of the filter bellows 12
rests on a radially outer circumierential side of the middle
supporting pipe 20, so that the middle supporting pipe 20
supports the filter bellows 12.

Radially on the outside, the filter bellows 12 1s enclosed
by a coaxial heating cage 22. The heating cage 22 has the
overall shape of a hollow circular cylinder. The heating cage
22 has a cage frame 24, radially on the outside, and an
clectrically operated heating foil 26, radially on the inside.
The cage frame 24 1s made of plastic. The cage frame 24 has
a total of five circumierential supports 28 running in the
circumierential direction that are arranged in the axial
direction spaced apart from each other. The circumierential
supports 28 are connected to each other via axial supports
30, which run 1n the axial direction. The axial supports 30
are arranged 1n a circumierentially distributed manner. The
heating cage 22 has the same overall axial elongation as the
filter bellows 12, so that the filter bellows 12 1s arranged
nearly completely within the heating cage 22. The heating
fo1l 26 rests against the radially inner circumierential side of
the cage frame 24. The heating foil 26 rests with 1ts radially
inside circumierential side against the radially outer side
circumierential side, which 1s to say radially outside fold
edges, of the filter bellows 12. The cage frame 24 supports
the heating foil 26. Moreover, the cage frame 24 supports the
filter bellows 12 indirectly via the heating foil 26 and thus
stabilizes the filter element 10 overall.

In FIGS. 1 and 3 to 3 top, a round connecting end plate
32 1s arranged on a front side of the filter bellows 12, which
faces an outlet connection of the filter housing for filtered
tuel when the filter element 10 1s 1nstalled. The connecting
end plate 32 1s made of plastic. The connecting end plate 32
1s adhered tightly to the filter bellows 12. The connecting
end plate 32 has a central outlet opening 34 for the filtered
fuel. A radially outside diameter of the connecting end plate
32 corresponds approximately to the radially inside diameter
of the cage frame 24.

The connection opening 34 1s enclosed on the outer side
of the connecting end plate 32 opposite the filter bellows 12
in the axial direction by two coaxial, annular ring projections
that extend parallel to each other 1n the axial direction. The
ring projections form a seal holder 36 for a ring seal 38. The
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seal holder 36 has a U-shaped profile that 1s open on the side
facing away from the filter bellows 12.

In FIGS. 1 and 3 to 5 bottom, a counter end plate 40 1s
arranged on the front side of the filter bellows 12 opposite
the connecting end plate 32 that 1s also tightly adhered to the
filter bellows 12 and connected by means of an appropriate
locking connection to the middle supporting pipe 20.

The heating foil 26 1s flat and rectangular 1n 1ts original
shape. The heating foil 26 has a plurality of flow holes 42
that are distributed circumierentially with respect to the
heating cage 22. The flow holes 42 have a round cross
section, for example. However, they can also have another
kind of cross section. In a second exemplary embodiment
explained further below in connection with FIGS. 6 and 7,
for example, the flow holes 42 have a rectangular cross
section.

On a circumierential side 1n the region of an axially outer
circumierential support 28 of the cage frame 24 facing
toward the connecting end plate 32, the heating fo1l 26 has
two electrical contact tabs 44 with which the heating foil 26
can be electrically contacted, 1.¢., supplied with an electrical
current. The two contact tabs 44 lie next to each other when
seen 1n the circumierential direction and are provided 1n the
figures with only one reference symbol 44 for the sake of
clarity. The contact tabs 44 consist of sections of the heating
fo1l 26 that can be bent radially outward by means of
appropriate axial recesses on the front side of the heating foil
26.

In the region of the contact tabs 44, the axially outer
circumierential support 28 facing toward the connecting end
plate 32 has an indentation 45. The indentation 45 has an
approximately U-shaped profile when seen from radially
outside, whereas the “U” 1s open toward the connecting end
plate 32.

On the side of a circumierentially extending section of the
indentation 45 facing toward the connecting end plate 32, a
living hinge 46 1s integrally connected to the circumierential
support 28. When seen in the radial direction, the living
hinge 46 1s located approximately in the middle of the
indentation 45. On the side facing away from the circum-
terential support 28, the living hinge 46 has an attachment
tab 48. The attachment tab 48 can be swiveled by means of
the living hinge 46 from a preassembly position, shown in
FIGS. 1 to 3, in which 1t extends radially outward from the
cage frame 24, to a final assembly position, shown 1 FIGS.
4 and 5, 1n which 1t extends 1n the axial direction. Together,
the living hinge 46 and the attachment tab 48 form a swivel
connection 50 that connects an electrical connecting plug 52
to the cage frame 24.

The connecting plug 352, which 1s shown in a detailed
section 1n FIG. 2, has a plug housing 54 made of plastic 1n
which the two contact lines made of metal are embedded. On
the connection side of the connecting plug 52, the contact
lines are embodied as contact pins 56. The contact pins 56
turn into corresponding connecting tabs 38 that lead laterally
out of the plug housing 54. Each of the connecting tabs 58
1s connected at 1ts free end by means of rnivets 60 to the
attachment tab 48. The contact tabs 44 of the heating foil 26
are arranged on the side of the connecting tabs 58 opposite

the attachment tab 48. Each of the contact tabs 44 1s
clectrically connected to one of the connecting tabs 38. The
rivets 60 lead through the contact tabs 44, the connecting,
tabs 58 and the attachment tab 48. The connecting tabs 38
are thus sandwiched between the attachment tab 48 and the
contact tabs 44. The connecting plug 52 1s held on the

10

15

20

25

30

35

40

45

50

55

60

65

10

attachment tab 48 with the aid of the connecting tabs 58 and
held 1n a swiveling manner on the cage frame 24 by means
of the living hinge 46.

An underside 62 of the plug housing 54 facing toward the
cage frame 24 1s level. The underside 62 of the plug housing
54 runs perpendicular to the longitudinal extension of the
attachment tab 48, the contact tabs 44 there and the con-
necting tabs 38 there. The attachment tab 48, the connecting
tabs 38 and the contact tabs 44 are located laterally from the
underside 62 of the plug housing 54 and, 1n a projection
perpendicularly onto the underside 62, outside of same. In
the preassembly position, the plug housing 54 1s located on
the side of the attachment tab 48, the contact tabs 44 and the
connecting tabs 58 facing toward the connecting end plate
32. In the final assembly position, the attachment tab 48, the
contact tabs 44 and the connecting tabs 58 dip into the
indentation 45 of the axially outer circumierential support
28 and are thus housed 1n a space-saving manner when seen
in the radial direction.

The underside 62 of the plug housing 54 has an approxi-
mately rectangular circumierence with rounded-ofl corners.
On the side facing away from the connecting tabs 58, the
plug housing 54 has a projection 64 whose underside forms
a plane with the underside 62. The projection 64 extends
between the rounded-ofl edges of the plug housing 54 on the
side opposite the connecting tabs 58. On the two opposing
sides that adjoin the side with the projection 64, the plug
housing 54 has two positioning lugs 66 that extend out-
wardly from the outer side of the plug housing 54. More-
over, a positioming recess 68 that 1s approximately cross-
shaped 1n cross section 1s arranged in the underside 62 as
shown in FIG. 2. The positioning recess 68 1s located
approximately in the center of the underside 62.

On 1ts outer side facing away from the filter bellows 12,
the connecting end plate 32 has a holding contour 70 for the
underside 62 of the plug housing 34. The holding contour 70
1s located near the circumierential side of the connecting end
plate 32 facing toward the connecting plug 52. It comprises
a r1b extending in the axial direction from the outer side of
the connecting end plate 32. The rnib has a profile with
multiple bends. The rib 1s symmetrical to a radius of the
connecting end plate 32. The profile of the rib of the holding
contour 70 corresponds to the profile of the outer side of the
plug housing 54 with the projection 64 1n the region of the
underside 62. The holding contour 70 1s open radially
outward on its side facing toward the connecting plug 52 1n
the preassembly position. A positioning cross 72 1n the form
ol a projection extending in the axial direction 1s located 1n
the center of the holding contour 70 and fits into the
positioning recess 68 of the plug housing 54.

In radial extension to the positioning cross 72, a plate-side
positioning nose 74 1s arranged on the radially outer cir-
cumierential side of the connecting end plate 32 and extends
radially outward. In the final assembly position of the
connecting plug 52, the plug housing 34 1s located with 1ts
underside 62 and 1ts projection 64 within the holding con-
tour 70 of the connecting end plate 32. The positioning lugs
66 of the plug housing 34 all rest against a free end of the
holding contour 70. The positioning cross 72 1s dipped 1nto
the positioming recess 68 of the plug housing 54. The
plate-side positioming nose 74 protrudes between the con-
necting tabs 38 of the connecting plug 32.

A respective detent element 76 1s located on sides outside
of the holding contour 70 that are opposing when seen 1n the
circumierential direction. The detent elements 76 extend
from the outer side of the connecting plate 32 1n the axial
direction. Detent lugs of the detent elements 76 are located
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on the outer side facing away from the respective other
detent element 76. The detent elements 76 are located
approximately on a plane with the positioning cross 72,
which runs perpendicular to a radius of the filter element 10.

Moreover, a positioning aid 78 in the form of a projection
1s arranged radially on the outside on the side of the seal
holder 36 transversely opposite the holding contour 70. The
positioning aid 78 extends in the radial direction from the
radially outer circumierential side of the radially outer ring
projection, which delimits the seal holder 36, and 1n the axial
direction from the outer side of the connecting end plate 32.

A fixing element 80 1s plugged onto the outer side of the
connecting end plate 32. The fixing eclement 80 has an
approximately annular seal fixing section 82 and a fork-like
plug fixing element 84. The seal fixing section 82 1s arranged
coaxially on the seal holder 36. The plug fixing element 84
extends radially outward from the seal fixing section 82.

The seal fixing section 82 has an approximately U-shaped
profile. It 1s plugged with 1ts open side onto the ring
projections of the seal holder 36 of the connecting end plate
32, so that the side walls of the seal fixing section 82 enclose
the ring projections of the seal holder 36. On a radially outer
circumierential side, the seal fixing section 82 has a fixing
groove 86 into which the positioming aid 78 of the connect-
ing end plate 32 engages when the fixing element 80 1is
mounted. Furthermore, the seal fixing section 82 has on its
side facing away from the connecting end plate 32 a plurality
of through-slits 88 through which air can escape upon
plugging-on of the fixing element 80.

The profile of the plug fixing element 84 on 1ts U-shaped
iner side corresponds approximately to the profile of the
outer side of the plug housing 54 outside of the projection
64. When the fixing element 80 1s mounted, the plug fixing
clement 84 encloses the plug housing 54 on the side of the
projection 64 facing away from the connecting end plate 32.
The plug fixing element 84 has a locking slot 90 on each of
its legs 1n which the detent elements 76 of the connecting
end plate 32 respectively lock when the fixing element 80 1s
mounted.

The fixing element 80 fixes both the plug housing 62 to
the connecting end plate 32 and the ring seal 38 and an
annular disc 92 in the seal holder 36. The annular disc 92 1s
arranged between the ring seal 38 and the seal fixing section
82.

During operation of the fuel filter, the fuel flows through
the filter element 10 from radially outside to radially inside,
indicated 1n FI1G. 5 by an arrow 93. When 1t passes through
the heating foi1l 26, the fuel 1s heated before 1t reaches the
filter medium 14. The cleaned fuel exits the interior space 18
through the outlet opening 34 in the connecting end plate 32,
indicated i FIG. 5 by an arrow 95.

In a method for manufacturing the filter element 10, the
filter bellows 12 1s folded 1n a star-shape out of the filter
medium 14. The cage frame 24 with the swivel connection
50 1s fabricated out of plastic.

The prefabricated heating foil 26 1s arranged on the
radially inner circumierential side of the cage frame 24 such
that the contact tabs 44 point radially outward through the
indentation 45 of the axially outer circumierential support
28. The prefabricated connecting plug 352 1s connected with
its connecting tabs 38 by means of the nivets 60 to the
attachment tab 48 and the contact tabs 44. As shown 1n
FIGS. 1 to 3, 1n the preassembly position, the connecting
plug 52 1s located circumierentially and radially on the
outside of the cage frame 24.

The filter bellows 12 1s pushed into the heating cage 22 in
the axial direction. The middle supporting pipe 20 1s plugged
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in the axial direction into interior space 18 of the filter
bellows 12. Alternatively, the middle supporting pipe 20 1s
first plugged 1nto the interior space 18 of the filter bellows
12 and then pushed together with the filter bellows 12 1nto
the heating cage 22.

The connecting end plate 32 and the counter end plate 40
are then arranged on the corresponding front sides of the
filter bellows 12. The connecting end plate 32 1s aligned such
that the positioning nose 74, when seen 1n the circumieren-
tial direction, 1s located approximately in the middle of the
indentation 45 of the axially outer circumierential support
28. The connecting end plate 32 and the counter end plate 40
are tightly adhered to the front sides of the filter bellows 12
in a manner that 1s of no further interest.

The connecting plug 52 1s then swiveled by means of the
swivel connection 350 to the axial outer side of the connect-
ing end plate 32. In doing so, the plug housing 54 1s guided
with the projection 64 on the underside 62 in the holding
contour 70. In the final assembly position, the positioning
lugs 66 rest against the holding contour 70 and the posi-
tioning cross 72 engages 1n the positioning recess 68 of the
plug housing 54. FIG. 4 shows the filter element 10 follow-
ing this method step.

The ring seal 38 and the annular disc 92 are then placed
into the seal holder 36. The fixing element 80 1s placed 1n the
axial direction with 1ts open side first onto the seal holder 36.
In doing so, the fixing element 80 1s aligned such that the
positioning aid 78 engages 1n the fixing groove 86 of the seal
fixing sections 82 and the plug fixing element 84 encloses
the plug housing 54. The detent elements 76 protrude into
the locking slots 90 and lock with them 1n the end position
of the fixing element 80. The completely assembled filter
clement 10 1s shown 1n FIG. 5. The filter element 10 can now
be istalled 1n the filter housing.

FIGS. 6 and 7 show a second exemplary embodiment of
a filter element 110 in two different manufacturing phases.
Those elements that are similar to those of the first exem-
plary embodiment from FIGS. 1 to 5 are designated with the
same reference symbols plus 100. Unlike 1n the first exem-
plary embodiment, a seal fixing element 182 for {ixing the
ring seal 1s embodied as a separate component distinct from
a plug fixing device 184 for fixing the connecting plug 152.
The seal fixing element 182 comprises an annular disc with
a U-shaped profile with the through-slits 88 and the fixing
groove 86. The plug fixing device 184 comprises two detent
clements 185 that extend 1n the axial direction from the outer
side of the connecting end plate 132. Detent lugs of the
detent elements 185 are facing each other. Each of the sides
of the plug housing 154 corresponding to the detent ele-
ments 185 has a grading that serves as locking receptacles
187 for the detent lugs of the detent elements 185. The detent
clements 185 additionally have the function, together with
the positioning cross 72 and the positioning recess 68, of
positioning the plug housing 154 on the connecting end plate
132.

In the method for manufacturing the fixing element 110,
analogously to the procedure with the filter element 10
according to the first exemplary embodiment, the filter
bellows, which 1s covered in FIGS. 6 and 7, 1s first arranged
in the heating cage 22. The connecting end plate 132 and the
counter end plate 140 are then attached to the filter bellows.
Subsequently, the ring seal and the annular disc 92 are
arranged 1n the seal holder 136, and the seal fixing element
182 1s attached to the connecting end plate 132. FIG. 6
shows the filter element 110 following this manufacturing
phase. Finally, the plug housing 154 1s swiveled by means of
the swivel connection 50 to the connecting end plate 132 and
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fixed with the detent elements 154 and the locking recep-
tacles 187 1n 1ts front-side final assembly position. The
completed filter element 110 1s shown 1n FIG. 7.

In all of the above-described exemplary embodiments of
a filter element 10; 110 and of a method for manufacturing
it, the following modifications are possible, among others:

The invention 1s not limited to a filter element 10; 110 of
a Tuel filter of a combustion engine of an automobile. Rather,
it can also be used in other types of filter for flmds, for
example for o1l, water, air or urea. Instead of for Diesel fuel,
the fuel filter can also be used for other types of fuel, such
as liquid ones. The invention can also be used outside of
automobile technology, for example in industrial motors. It
can also be used outside of combustion engines.

Instead of a round cross section, the filter element 10; 110
can also have a diflerent cross section, such as an oval or
angular cross section. Instead of a cylindrical shape, the
filter element 10; 110 can also have a different shape, such
as a conical shape.

Instead of being folded 1n a star shape or bent, the filter
medium 14 can also not be folded, for example wound as a
so-called wound filter.

Instead of through adhesion, the connecting end plate 32;
132 and/or the counter end plate 40 can also be connected to
the filter bellows 12 in another manner, for example by
means ol welding.

Instead of the heating foil 26, another type of flat, elec-
trically operated heating medium such as a heating fabric or
a nonwoven heating medium, for example, can also be used.

Instead of with the aid of rivets 60, the connecting tabs 58
of the connecting plug 52; 152 can also be connected 1n
another manner to the attachment tab 48 of the swivel
connection 50. For example, they can be attached by means
of soldering, clamping or by means of another type of stable
and electrically conductive connection.

Instead of with the detent elements 76; 185 and the
corresponding positioning lugs 66 or locking receptacles
187, the connecting plug 52; 152 can also be fixed positively
or non-positively or by material engagement in 1ts final
assembly position in another manner, such as by means of
adhesion, screwing or welding, for example.

Instead of plastic, the connecting end plate 32; 132 and/or
the counter end plate 40 and/or the middle supporting pipe
20 and/or the plug housing 54; 154 and/or the cage frame 24;
224 and/or the fixing element 80 and/or the seal fixing
clement 182 can also be made of another type of material,
such as metal, for example.

Instead of having approximately the same overall elon-
gation as the filter bellows 12, the heating cage 22 can also
extend only partially axially, which 1s to say over a portion
of the axial extension of the filter bellows 12. Advanta-
geously, a front side of the heating cage 22 can rest against
the connecting end plate 32; 132, so that a short, electrical
connection to the connecting plug 52; 152 can easily be
implemented there. Alternatively, both of the front sides of
the heating cage 22 can also each be arranged at an axial
distance from the connecting end plate 32; 132 and from the
counter end plate 40.

Instead of being pivoted by means of the living hinge 46
and the attachment tab 48 to the cage frame 24, the con-
necting plug 52 can also be connected 1n a swiveling manner
to the heating fo1l 26 merely via the contact tabs 44. For this
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The mnvention claimed 1s:

1. A filter element of a filter for fluid, comprising:

a filter medium closed circumiferentially at least with
respect to a central element axis and structured as a
filter medium hollow body having an elongated hollow
center elongated on the central element axis;

at least one end member arranged on at least one front side
of the filter medium hollow body, the at least one end
member tightly connected at least to the filter medium;

an electrical heating jacket into which the filter medium
hollow body 1s inserted, the electrical heating jacket
arranged on a radial outer face of the filter medium and
enclosing at least partially circumierentially and at least
partially axially the filter medium, wherein the heating
jacket 1s electrically connected to an electrical connect-
ing element that can be connected to electrical lines to
supply electrical power to the electrical heating jacket;
wherein the electrical connecting element 1s attached to
the heating jacket by means of which the connecting
clement can be swiveled during assembly of the filter
clement from a preassembly position circumierentially
outside of the filter element 1nto a final assembly
position on a top side of said at least one end member
of the filter element:

wherein the front side of the filter medium hollow body 1s
provided with the at least one end member after inser-
tion of the filter medium hollow body into the heating
jacket.

2. The filter element as set forth in claim 1, wherein

a fluid-permeable supporting hollow body encloses at
least the filter medium hollow body circumierentially
and at least partially axially; and

wherein and the electrical connecting element 1s attached
by means of the swivel connection to the supporting
hollow body.

3. The filter element as set forth in claim 2, wherein

the heating jacket 1s arranged between a circumierential
side of the filter medium hollow body and a circum-
ferential side of the supporting hollow body.

4. The filter element as set forth in claim 1, wherein

the at least one end member includes a holding device
positioning or holding the electrical connecting ele-
ment.

5. The filter element as set forth 1n claim 1, comprising

a fixing element 1s connected to the at least one end
member, the fixing element having
a connecting element fixing section that fixes the elec-

trical connecting element to the end member; and
a seal fixing section that fixes a seal around an opening
of the end member.

6. A method for manufacturing a filter element as set forth

in claim 1, comprising:

providing filter medium 1s structured into a filter medium
hollow body that 1s circumiferentially enclosed at least
with respect to an element axis and having a first front
side;

inserting the filter medium hollow body 1nto an electrical

heating jacket with the first front side first so that the

heating jacket 1s arranged at least partially circumier-
entially and at least partially axially around the filter
medium hollow body;

arranging a sealing end member on the first front side of
the filter medium hollow body.

7. The method for manufacturing a filter element as set

purpose, the contact tabs 44 can be appropriately stable and 65 forth in claim 6, comprising

flexible. In an alternative embodiment of a heating cage, the
cage frame can then also be omitted.

attaching an electrical connecting element to the heating
jacket by means of a swivel connection;
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wherein after the inserting step, the method includes
swiveling the swivel connection from a preassembly
position into a final assembly position on the front
side of the filter medium hollow body.
8. The method as set forth 1n claim 7, comprising:
providing a fluid-permeable supporting hollow body;
enclosing a radial outer circumierence of the filter
medium hollow body circumiferentially and at least
partially axially;
wherein the electrical connecting element 1s attached by
means of the swivel connection to the fluid-permeable
supporting hollow body.
9. The method as set forth in claim 8, wherein
the heating jacket 1s arranged on an inner circumierential
side of the supporting hollow body.
10. The method as set forth 1in claim 6, wherein
the at least one end member includes a holding device
positioning or holding the electrical connecting ele-
ment;
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wherein the electrical connecting element 1s swiveled
against, 1n and on the holding device of the at least one

end member.
11. The method as set forth in claam 10, wherein

providing a fixing element connected to the at least one
end member, the fixing element having,

a connecting element {ixing section that fixes the elec-
trical connecting element to the end member; and

a seal fixing section that fixes a seal around an opening
of the end member;

fixing the electrical connecting element onto the end
member with by the connecting element fixing section;
and

mounting the seal around an opening of the end member
with the seal fixing section.
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